Abstract: Air pollution is one of the leading cause of death for underdeveloped as well as developed countries. In 2011, the air pollution was the second leading cause of death in one of the main hospitals of the Kathmandu Valley, Nepal, and it was the third leading cause in the United States. Burning fossil fuels for transportation was one of the major causes. Among various impacts of the air pollution, COPD (chronic obstructive pulmonary disease) was one of the main consequences. In the 570 km 2 Kathmandu Valley, vehicle registration was increased from 45,871 in 1990/1991 to 570,145 in 2010/2011, an increase of over 12-fold over 20 years. The vehicle registration and number of COPD patients' data were collected from various government divisions. In addition, the average daily travel distance and fuel mileage data were collected with a survey with residents of the Kathmandu Valley. This paper calculates the amount of carbon dioxide (CO 2 ) emissions by transportation sector and determines correlation between CO 2 emissions and COPD patients. Results show that there was a very high level of CO 2 emissions, and it was positively correlated with the number of COPD patients in the valley.
Introduction
According to a 2003 World Bank Report, about 800,000 people die every year in the world due to air pollution [1] . In 2010, in India alone, 620,000 premature deaths occurred due to air pollution related diseases [2] . The NIEHS (National Institute of Environmental Health Sciences) defines air pollution as a "mixture of natural and man-made substances in the air we breathe such as fine particles produced by the burning of fossil fuels..." [3] . According to Holgate et al., five classical air pollutants are carbon oxides (CO x ), nitrogen oxides (NO x ), sulphur dioxide (SO 2 ), volatile organic compounds, and particulate matter [4] .
Carbon dioxide (CO 2 ) has adverse effects on human health. Rice says the humans who are particularly sensitive to CO 2 are: (1) "cerebral disease and trauma patients"; (2) "individuals performing complex tasks", (3) "infants and children"; (4) "medicated patients"; (5) "panic disorder patients"; and (6) "pulmonary and coronary patients" [5] .
The main causes of air pollution in Nepal were number of vehicle increase (14% annually), urbanization (4-5% annually), and unplanned industrialization [6] . In the Kathmandu Valley, other causes of air pollution include burning of fossil fuels to drive vehicles, burning fuels in the industries and factories, using high carbon content fuels (2%), geographical configuration, and forest fires [7] [8] [9] . Another cause of air pollution was vehicles that were not regularly maintained; 23% of vehicles produced greenhouse gases higher than the standard set [8] . Before 2002, the main source of air pollution was the Himal Cement Factory and Brick Kilns while they were in operation [7] . After the cement factory was closed in 2002 and environmentally friendly brick kilns were introduced, the main culprit of air pollution in the valley (urbanized area) became vehicle emissions from the transportation sector [4, 7, [10] [11] [12] . In a study by CEN (Clean Energy Nepal) and the ENPHO (Environmental and Public Health Organization), the air pollution level was measured on weekdays, weekends, valley strike days, and holidays in the Kathmandu Valley, and researchers concluded that the prime reason of air pollution was vehicle use [7] . Two studies examined the three major contributors of air pollution were transportation, household, and industrial sectors [9, 12] . Both studies showed that the transportation sector was the largest contributor. Shrestha and Rajbhandari estimated the total emission of the three contributors (transportation, household, and industrial sectors) to be 962 kilotons in 2005; and this trend would predict 2,520 kilotons and 4,561 kilotons of CO 2 emissions in 2030 and 2050, respectively [9] . The bowl-shaped geography of the Kathmandu Valley plays an important role by keeping air pollutants trapped within the surrounding mountains; this results in the accumulation of the pollutants, and results are therefore more severe [7, 13] .
To reduce air pollution in the Kathmandu Valley, Dhakal proposed three policies: improving vehicle speed, promoting public transportation, and introducing electric vehicles that could reduce public transportation energy demand by more than 60% [13] . The author also described the initiatives taken to reduce air pollution in the Valley: (1) banning three-wheeler diesel vehicles; (2) promoting electric vehicles; (3) prohibiting new registration of two-stroke engine vehicles; and (4) setting up vehicle emission standards. The government of Nepal also introduced Euro III emission standard in 2012 [14] . However, due to lack of enforcement on vehicle registration and their emission standards, air pollution was still increasing.
In the transportation sector, emission is due to burning either gasoline or diesel for vehicles. The vehicles were categorized into three types: heavy vehicles, light vehicles, and motorized two-wheelers. Heavy vehicles comprise of public service buses, mini-buses, heavy construction equipment, and trucks; light vehicles comprise of cars, taxis, SUVs, mini-vans, three-wheelers, ambulances, pickups, tractors, and micro-buses; and motorized two-wheelers comprise of motorcycles, scooters, and mopeds. Almost all heavy vehicles use diesel while light vehicles and motorized two-wheelers use gasoline. Due to a large increase in the number of vehicles in the Kathmandu Valley, there was a rapid growth of energy and fuel demand [13] . The author also showed that CO 2 emission from gasoline vehicles was nearly two thirds of total CO 2 emissions in the valley in 2003. In a 2001 study, fuel consumption for the Valley was 79% of gasoline and 27% of diesel [8] . A study conducted by Baidya and Borken-Kleefeld GHG (calculated greenhouse gas) emissions with three metrics-type of fuel used by the vehicles, age or technology used by the vehicles, and vehicle distance travelled annually by each category of vehicles [15] . The results of that study showed the number of motorized two-wheelers was significantly increased in 2005 compared with 1995 data. The increased number of motorized two-wheelers played an important role causing increased congestion [15] . It is also clear that motorized two-wheelers and light vehicles consume more unit fuel per passenger as compared to heavy vehicles or large public buses.
There are various impacts of air pollution on human health; COPD (chronic obstructive pulmonary disease) is one of them [16] . The NIH (National Institutes of Health) defines COPD as "a progressive disease that makes it hard to breathe" [16] . COPD includes emphysema, chronic bronchitis, and asthma [17] . In the USA, respiratory disease, especially COPD, was the third leading cause of death in 2011 [17] . In Nepal, COPD data from one of the oldest hospitals, Bir Hospital, showed that COPD was the second highest cause of morbidity in 2009/2010 [18] . In 2002,
Carbon Dioxide Emissions by the Transportation Sector and Its Impact on Health in the Kathmandu Valley, Nepal

186
Brunekreef and Holgate studied the effects of air pollution on its short-term and long-term respiratory effects [19] . The short-term effects were an increase in mortality rate, an increase in hospital admissions of asthma patients, and an increase of COPD in senior citizens. On the other hand, the long-term effects were an increase in morbidity and symptoms of bronchitis.
The primary objective of this study is to determine the amount of CO 2 emissions by transportation sector, and to establish a relationship between CO 2 emissions and COPD patients. This study also presents the seasonality of the hospital admitted COPD patients. Moreover, this study describes the reasons of CO 2 emissions and suggested recommendations to reduce the level of air pollution in the valley.
Materials and Methods
This study is an extension of previous study of "carbon dioxide emissions by the transportation sector in Kathmandu Valley, Nepal" [20] . In this study, to calculate the CO 2 emissions, three parameters were considered. They were type of fuel used, vehicle distance traveled annually, and average vehicle mileage. To calculate the CO 2 emissions, the following steps were followed: 
Data Collection and Analysis
The motor vehicle data in the Kathmandu Valley were collected from the DMV (Department of Motor Vehicles), Kathmandu, Nepal and from the ICIMOD (International Centre for Integrated Mountain Development) [23] . The vehicle data were collected from 1991 to 2011 and are presented in Table 1 (1)
COPD Patient Trend
The COPD patient data were plotted in Fig. 3 . Fig. 3 shows that the number of COPD patients admitted was exponentially increased from 4,136 in 1997/1998 to 19,401 in 2012/2013, respectively [18] .
There may be various reasons for increasing COPD patients in the Kathmandu Valley-air pollution, tobacco smoking, exposure to chemicals, and genetics. Also, increasing the population in a city increases the number of COPD patients in that city. The population density of Kathmandu valley was increased from 1,230/km 2 to 2,800/km 2 from 1991 to 2011 [26, 27] ; the population density of Kathmandu metropolitan and municipality was even more-4,386/km 2 in 2009 [28, 29] . The population of the Kathmandu Valley and COPD patients admitted in hospitals from 1997/1998 to 2012/2013 was plotted in Fig. 4 . Fig. 4 showed that the increasing COPD patient and population were strongly correlated with R 2 value 0.95.
To see the correlation between CO 2 emission and COPD patient admission in hospitals, a graph was plotted between CO 2 emissions and COPD patient per 1,000 population, which is presented in Fig. 5 . The COPD patient per 1,000 population was used to normalize the effect of increasing population on the number of COPD patient in the valley.
The Seasonality in CO 2 Emissions and COPD Patients
Data analysis showed that in 2011, "Teaching Hospital" registered more COPD patients in the winter, and fewer COPD patients in the summer and autumn seasons. In the winter, a blanket-like layer of smog-a combination of emission smoke, dust particles, and fog-covers the valley at low level that prevents the escape of emissions from the valley. Also, because of low wind speed at that time, pollution gets cumulates, which leads to sever the air pollution. In the summer, rainy season, rain washes away pollution in the air and the pollution level reduces [7] . Table 3 shows the number of patients admitted to the "Teaching Hospital" monthwise in 2011. In total, 380 COPD patients were admitted to that hospital. Data showed that the number of COPD patients admitted in the winter was 124 (36 + 45 + 43), and that of in the rainy season was 78 (30 + 23 + 25) . In that hospital, the monthly average number of patients admitted was 32.
The Kathmandu Valley and Its Shape
The Kathmandu Valley, which is situated at elevation from 1,310 m to 1,400 m above the sea level, is surrounded by high mountains as high as 8,940 ft. from the sea level. Figs. 6 and 7 show how the valley is surrounded by high mountains. Its shape is like a bowl, and by geographical configuration of the valley, the polluted air does not get replaced by fresh air that leads to accumulated pollution which becomes severe [7] . Figs. 6 and 7 were produced by Google Earth. 
Results and Discussion
This study has a significant impact on the calculation of the amount of CO 2 emissions produced by transportation sector and its impact on health of the Kathmandu Valley residents. The vehicle registration data showed that the total number of vehicles increased by 12 times from 1990/1991 to 2010/2011. However, total road length in the valley was much less as compared to Las Vegas; the road densities of the Kathmandu Valley and Las Vegas City were calculated 1.77 and 7.60 lane kilometres per square kilometres of land, respectively [30, 31] emissions and increasing the number of COPD patients in the hospitals. 
Conclusions and Recommendations
Many people die every year due to air pollution. For several countries and cities including the Kathmandu Valley, the air pollution became top-five leading cause of death. In the Kathmandu Valley, the number of vehicles registered tremendously rose-an increase of over 12-fold from 1990/1991 to 2010/2011. Due to the increase of vehicles, there was a proportionate amount of fossil fuels consumed, and then amount of CO 2 emitted. Result shows that CO 2 emission due to transportation was increasing exponentially in the Kathmandu Valley. The results also showed the number of COPD patients in the Kathmandu Valley was strongly positively correlated with the CO 2 emissions from 1997/1998 to 2011/2012. This study suggests four recommendations to reduce CO 2 emissions in the Kathmandu Valley: (1) the newly introduced policies/standards should be effectively enforced [13] ; (2) the government should import less carbon content fuel; (3) the government should introduce bus rapid transit or metro railway on possible routes [32, 33] and other public transportation means should be introduced, for example double decker large bus, street cable car, etc.; and (4) the government should increase and improve the existing road networks efficiently.
